Introduction
Excessive use of chemical fertilizers and pesticides causes environment deterioration in China. A series of technical subsidy policies have been implemented to extend new agricultural and environmental technology since 2005. Formula fertilization technology is a well known example. It consists of field investigation, soil sample collection, field experiment, formula design, fertilizer making, and technical support. This technology aims to protect agricultural environment, reduce costs and enhance production efficiency, but has large costs to be implemented. To diffuse this technology, the formula fertilization technology subsidy policy was introduced in
2005.
Since then, its effects on environment and agricultural productivity have received much attention from academics and policy makers. For example, Zhang (2009) employed positive mathematical programming (PMP) method to assess the effect of formula fertilization technology in Jiangsu province and found that the formula fertilization technology helped increase farmers' income. Qu and Guo (2010) , Mu and Duan (2009), Wang (2007) and Ying and Yu (2006) compared the fertilizer usage and crop production before and after the technology adoption using field experiments. They found the fertilizer usage has decreased while the production has increased. However, few of them have studied how technical efficiency in crop production has changed due to the subsidy. To fill this gap in the literature, we take Xinyang city as a case and employ Data Envelopment Analysis (DEA) to assess the effect of formula fertilization subsidy policy on technical efficiency in crop production 1) .
Methodology and Data
DEA is a mathematical programming approach to estimate the relative efficiency of each decision making unit (DMU). It has been widely used in agricultural economics (e.g. Francisco et al, (2010) n, u≥0, v≥0 , where u=(u 1 ,
T are weighting parameters for s outputs and m inputs, respectively; y and x represent outputs and inputs; n indicates the number of the DMUs;
The subscript zero indicates the particular DMU to be evaluated.
The above model yields two production indices: (i) technical efficiency and (ii) input excess 2) . Figure 1 illustrates how technical efficiency and input excess are measured by DEA. Suppose two inputs x 1 and x 2 are used to produce a single output y. SS 1 is a unit isoquant. DMU at point P is not efficient in its production because it is located at the above of the isoquant. Its (i) efficiency value E is defined by OP 1 /OP, where P 1 is its efficient production level.
Hence, E-value takes between zero and one. When E equals to one, DMU's production is efficient and is located on a frontier of the isoquant. On the contrary, resources are not efficiently used if E is smaller than one: the smaller E is, the less efficient the production is. Next, (ii) input excess measures how much inputs can be reduced without changing the output quantities. Namely, MM 1 and NN 1 measure input excesses, i.e. how much x 1 and x 2 can be reduced if production takes place at P 1 on the isoquant.
In other words, input excess is observed only if a DMU is not on a production frontier. Larger input excess reflects worse production technology and a decline in input excess implies an improvement in the technology. Xinyang city is a major rice production area in Henan province, which produces more than 80% of rice of Henan province, and in 2010 its rice production reached to 4129 thousand tons. The formula fertilization technology subsidy has been introduced in this area since 2006. Table 1 summarizes the total amount of the subsidy and a starting year for each studied area. Each county in general receives one million yuan in the first year and 0.5 million yuan for the following years.
Formula fertilization technology reduces wastes in crop production by efficiently using fertilizers. Data on three inputs related to this technology, i.e. seed (kg/mu), fertilizer (kg/mu), and pesticide (yuan/mu) and two outputs, This yields eight DMUs, i.e. two DMUs for each county.
Estimation Results
(1) Analysis on Technical Efficiency Table 2 shows changes in E-value in four counties.
They are respectively 0.709 and 0.885 in Pingqiao and Shangcheng counties before the subsidy implementation.
After the subsidy is implemented, E-values in both counties reach to one and production in these counties takes Source: Farrell (1957) .
Fig. 1. Technical efficiency and input excess
place on a production frontier. E-value for Gushi is 0.902 before the subsidy, and reaches to 0.957 after the subsidy.
Rice is least efficiently produced in Xixian. However, the region shows the largest increase in E-value after the subsidy. It rises up to 0.830, an increase by 61.8 percent.
As a result, E-values have increased after the subsidy implementation in all four counties.
(2) Analysis on Input Excesses
The inputs excess values for each county are listed in Table 3 . For example, the average farmers in Pingqiao county can reduce 0.42 kg of seeds, 3.95 kg of fertilizer, and 1.77 yuan of pesticide without changing the outputs quantities before the subsidy is implemented. All input excesses become zero after the subsidy because its production takes place on the frontier after the subsidy implementation (table 2) . In Shangcheng county, excess in fertilizer also becomes zero after the subsidy implementation. In Gushi and Xixian counties, excesses in fertilizer drop by 0.4 kg/mu and 5.3 kg/mu, corresponding to a 39.2% and a 58.4% decrease, respectively. This result shows the formula fertilization technology subsidy is effective in reducing fertilizer usage in four counties.
We also find excesses in seeds and pesticide have decreased in most counties. In Gushi county, excesses in seeds and pesticide drop by 63.6% and 14.6%, respectively, after the subsidy implementation. In Xixian county, excess in seeds decreases by 78.8% while excess in pesticide increases by 174.6%. This last finding may reflect pest disasters happened in this area during the period.
Conclusions
Employing Data Envelope Analysis, we assess the ef- 
